(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2001 068808 A 
(43) Date of publication of application: 16.03.01 



(51) IntCI H05K 1/11 








H05K 1/09 








(21) Application number: 11236880 


(71) Applicant: 


KYOCERA CORP 


(22) Date of filing: 24.08.99 


(72) Inventor: 


FURUKUWA TAKESHI 



(54) CERAMIC CIRCUIT BOARD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable a semiconductor 
device or the like connected to a metal circuit board to 
be kept at a proper temperature and to operate stably, 
by a method wherein the metal circuit board is fixed to 
each side of a ceramic board provided with a 
through-hole so as to stop up the through-hole, and a 
metal column of metal material specified in resistivity 
is arranged inside the through-hole. 

SOLUTION: A ceramic board 1 is formed in square, a 
through-hole 4 is provided to the board 1 at a 
prescribed point in a thickness direction, and a metal 
column 5 is inserted into the through hole 4. A metal 
circuit board 3 is provided to the metallized metal 
layers 2 deposited on the upper and lower surface of the 
board 1 respectively through the intermediary of brazing 
material so as to stop the through hole 4. The metal 
column 5 is formed of good conductor metal material 
such as copper, aluminum, silver or the tike of 
resistivity 4 ^Qcm or less. The metal column 5 is formed 
of copper through such a manner where a copper ingot is 
formed into a column through a well-known metal 



processing method such as a rolling method, a blanking 
method, a drawing method or the like. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ceramic circuit board which attached the 

metallic circuit plate in both sides of a ceramic substrate. 

[0002] 

[Description of the Prior Art] In recent years as the circuit boards, such as a substrate for 
power modules, and a substrate for switching modules The ceramic circuit board to which the 
metallic circuit plate which changes from copper etc. to the metallizing metal layer made to 
put on a ceramic substrate through low material, such as a silver-copper alloy, was joined, 
The ceramic circuit board to which the metallic circuit plate which consists of copper etc. 
through the active metal low material which added titanium, a zirconium, a hafnium, or its 
hydride to the silver-copper eutectic alloy on a ceramic substrate was joined directly, or the 
so-called DBC (Direct Bond Copper) which made the copper plate lay on a ceramic substrate 
and to which afterbaking was carried out and the direct ceramic substrate and the copper plate 
were joined — the ceramic circuit board produced by law is used. 

[0003] Moreover, in order that each [ these ] ceramic circuit board may raise the packaging 
density of a metallic circuit plate, vertical both sides of a ceramic substrate are made to join a 
metallic circuit plate, and connecting electrically by the low material with which it fills up in 
the through tube which established between the metallic circuit plates of these vertical both 
sides in the ceramic substrate is performed. 

[0004] in addition, said ceramic circuit board, for example, the ceramic circuit board to which 
the metallic circuit plate which changes from copper etc. to the metallizing metal layer made 
to put on a ceramic substrate through low material was joined Generally The nature sintered 
compact of an aluminum oxide, the nature sintered compact of alumimium nitride, the nature 
sintered compact of silicon nitride, Consist of the ceramic ingredient of electric insulation, 
such as a nature sintered compact of a mullite, and it has the metallizing metal layer of a 
predetermined pattern to vertical both sides. The ceramic substrate which prepared the 
through tube penetrated in the thickness direction is prepared. Next, and in the through tube of 
said ceramic substrate While being filled up with the low material paste which carried out 
addition mixing and obtained the organic solvent and the solvent to silver solder powder 
(alloy powder of silver and copper), on both sides of low material, such as silver solder, the 
installation contact of the metallic circuit plate of a predetermined pattern is carried out in 
between on a metallizing metal layer. After an appropriate time, this is heated in temperature 
of about 900 degrees C among reducing atmosphere, melting of a low material paste and the 
low material is carried out, and it is manufactured by joining respectively a metallizing metal 
layer, a metallic circuit plate, and the metallic circuit plate of vertical both sides of a ceramic 
substrate through low material, such as silver solder. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it sets to this conventional ceramic 
circuit board. The metallic circuit plates joined by vertical both sides of a ceramic substrate 
are electrically connected through the low material with which it fills up in the through tube 



an aluminum oxide, oxidization silicon, magnesium oxide, and a calcium oxide, A ceramic 
green sheet (ceramic student sheet) is formed by adopting a well-known doctor blade method 
and the well-known calendering roll method for this slurry object conventionally, while 
carrying out addition mixing of a plasticizer and the solvent and making with the shape of 
slurry. By performing suitable punching processing for said ceramic green sheet, and 
calcinating at an elevated temperature (about 1 600 degrees C) after an appropriate time, while 
fabricating in the predetermined configuration which has a hole used as a through tube 4 Or 
while carrying out addition mixing of the suitable organic solvent for raw material powder, 
such as an aluminum oxide, and the solvent and adjusting raw material powder, this raw 
material powder is formed in a predetermined configuration with the hole which turns into a 
through tube 4 with a press- forming machine. It is manufactured by calcinating said organizer 
at the temperature of about 1600 degrees C after an appropriate time. 

[0013] Said ceramic substrate 1 acts as supporter material which supports the metallic circuit 
plate 3, and low attachment of the metallic circuit plate 3 of a predetermined pattern is carried 
out at the metallizing metal layer 2 by which covering formation is carried out to the vertical 
both sides and through tube 4 internal surface, and the metallizing metal layer 2 is put on the . 
predetermined pattern to vertical both sides of this ceramic substrate 1 at them. 
[0014] Said metallizing metal layer 2 acts as a substrate metal layer at the time of carrying out 
low attachment of the metallic circuit plate 3 at a ceramic substrate 1. It consists of refractory 
metal ingredients, such as a tungsten, molybdenum, and manganese. For example, the suitable 
organic binder for tungsten powder, a plasticizer, Beforehand the metal paste which carried 
out addition mixing and obtained the solvent conventionally to vertical both sides of the 
ceramic green sheet (ceramic student sheet) which serves as a ceramic substrate 1 by baking 
with well-known screen printing A predetermined pattern is covered to vertical both sides of a 
ceramic substrate 1 by carrying out printing spreading at a predetermined pattern and 
predetermined thickness (10-50 micrometers). 

[0015] In addition, if it is right conductivity, such as nickel and gold, and corrosion resistance 
and wettability with low material make the thickness of 1 micrometer - 20 micrometers put a 
good metal on the front face with plating, said metallizing metal layer 2 can make low 
attachment by the metallizing metal layer 2 and the metallic circuit plate 3 as it is very firm, 
while being able to prevent the oxidation corrosion of the metallizing metal layer 2 
effectively. Therefore, it is desirable that prevent effectively the oxidation corrosion of said 
metallizing metal layer 2, and corrosion resistance and wettability with low material make the 
front face of the metallizing metal layer 2 making low attachment by the metallizing metal 
layer 2 and the metallic circuit plate 3 as it is firm put a good metal on the thickness of 1 
micrometer - 20 micrometers by right conductivity, such as nickel and gold. 
[0016] As the metallic circuit plate 3 closes the through tube 4 prepared in the ceramic 
substrate 1 in the metallizing metal layer 2 put on vertical both sides of said ceramic substrate 
1 , it is attached in it through low material. 

[0017] Said metallic circuit plate 3 consists of metallic materials, such as copper and 
aluminum, and is attached in vertical both sides of a ceramic substrate 1 through low material, 
such as silver solder, on the metallizing metal layer 2 by which covering formation is carried 
out. 

[0018] In addition, by giving a well-known metalworking method to ingots (lump), such as 
copper and aluminum, conventionally [, such as a strip-processing method and the punching 
processing method, ], thickness is 500 micrometers and the metallic circuit plate 3 which 
consists of said copper, aluminum, etc. is formed in the predetermined pattern configuration 
corresponding to the pattern configuration of the metallizing metal layer 2. 
[0019] Moreover, if this is formed with oxygen free copper, it will become firm [ this oxygen * 
free copper ] joining [ wettability with low material becomes good and mind the low material 
to the metallizing metal layer 2, without a copper front face oxidizing by the oxygen which 



which exists in copper in the case of low attachment. Therefore, as for said metal column 5, it 
is desirable to form this with oxygen free copper. 

[0026] Moreover, said metal column 5 has the danger that a lot of heat will occur by 
resistance generation of heat, when the path was set to less than 200 micrometers and the high 
current to which flow resistance of the metal column 5 becomes large, and exceeds 10A 
flows. Therefore, as for said metal column 5, what 200 micrometers or more of the diameter 
are suitably set to 350 micrometers or more for is good. If especially the path of the metal 
column 5 is set to 350 micrometers or more, even if the high current which exceeds 20A on 
the metal column 5 will flow, a lot of heat by resistance generation of heat is not generated. 
Electronic parts, such as a semiconductor device in which uses binders, such as solder, and 
adhesion immobilization is carried out by this on the metallic circuit plate 3, can always be 
made with optimal temperature, and it becomes possible to operate electronic parts to 
normality and stability over a long period of time. 

[0027] According to the above-mentioned ceramic circuit board, in this way While making 
the metallic circuit plate 3 attached in the top face of a ceramic substrate 1 carry out adhesion 
immobilization of the electronic parts, such as a semiconductor device, through binders, such 
as solder If each electrode of electronic parts, such as a semiconductor device, is electrically 
connected to the metallic circuit plate 3 through electrical connecting means, such as a 
bonding wire, electronic parts, such as a semiconductor device, are mounted in the ceramic 
circuit board. If the metallic circuit plate 3 is electrically connected to coincidence to an 
external electrical circuit, electronic parts, such as a semiconductor device, will be connected 
to an external electrical circuit. 

[0028] Next, other examples of this invention are explained based on drawing 2 and drawing 
3 . In addition, about the same part as drawing 1 , the same sign is attached among drawing. 
The metallic circuit plate 3 of a predetermined pattern is attached in vertical both sides of a 
ceramic substrate 1 through the active metal low material 6, and the ceramic circuit board of 
drawing 2 is arranged when the metal column 5 attaches the outside surface through the active 
metal low material 6 at through tube 4 wall in the through tube 4 penetrated in the thickness 
direction established in coincidence at the ceramic substrate 1 . 

[0029] The metallic circuit plate 3 with which the both ends touch the metallic circuit plate 3, 
and the metal column 5 arranged in the through tube 4 prepared in said ceramic substrate 1 is 
attached in vertical both sides of a ceramic substrate 1 by this will be electrically connected 
through the metal column 5. 

[0030] The ceramic substrate 1 which has said through tube 4 consists of the same ingredient 
as an above-mentioned example, and is created by the predetermined configuration by the 
same approach. 

[0031] Moreover, the metallic circuit plate 3 is attached through the active metal low material 
6 so that said ceramic substrate 1 may close the through tube 4 prepared in the ceramic 
substrate 1 by the vertical both sides, and by consisting of metallic materials, such as copper 
and aluminum, and giving a well-known metalworking method to ingots (lump), such as 
copper and aluminum, conventionally [, such as a strip-processing method and the punching 
processing method, ], this metallic circuit plate 3 is 500 micrometers in thickness, and is 
formed in a predetermined pattern. 

[0032] In addition, if said metallic circuit plate 3 forms this with oxygen free copper, in case 
this oxygen free copper is attached through the active metal low material 6, without a copper 
front face oxidizing by the oxygen which exists in copper, it will become good [ wettability 
with the active metal low material 6 ], and it will become firm about the metallic circuit plate 
3 attachment joining [ to which the active metal low material 6 is minded / 1 ] it. Therefore, as 
for said metallic circuit plate 3, it is desirable to form this with oxygen free copper. 
[0033] Moreover, as for said ceramic substrate 1, the operation in which between the metallic 
circuit plates 3 with which the metal column 5 is arranged inside the through tube 4, and low 



adopting well-known screen printing etc. conventionally at vertical both sides of a ceramic 
substrate 1, and through tube 4 wall. Next, while carrying out insertion arrangement of the 
metal column 5 into the through tube 4 of said ceramic substrate 1, the metallic circuit plate 3 
is made to lay in vertical both sides of a ceramic substrate 1 on the active metal low material 
paste by which printing spreading is carried out. They are the inside of a vacuum or neutrality 
and reducing atmosphere, and predetermined temperature (in the case of copper, about 900 
degrees C) about after an appropriate time and this. In the case of aluminum, it is carried out 
by joining a ceramic substrate 1, the metallic circuit plate 3, and the metal column 5 by the 
active metal low material 6 which heat-treated at about 600 degrees C, was made to fuse the 
active metal low material 6, and was this fused. 

[0040] This ceramic circuit board like an above-mentioned example the specific resistance of 
the metal column 5 with 4 or less microomegacm [ small ] Namely, since flow resistance of 
the metal column 5 is small, even if the high current which exceeds 10A on the metallic 
circuit plate 3 and the metal column 5 flows, a lot of heat does not occur by resistance 
generation of heat from the metallic circuit plate 3 and the metal column 5. Consequently, 
electronic parts, such as a semiconductor device by which uses binders, such as solder, and 
adhesion immobilization is carried out on the metallic circuit plate 3, always serve as optimal 
temperature, and it becomes possible to operate normality and stability over a long period of 
time. 

[0041] moreover, the metallic circuit plate 3 of the predetermined pattern with which the 
ceramic circuit board of drawing 3 becomes vertical both sides of a ceramic substrate 1 from 
copper — DBC (Direct Bond Copper) — it is attached by law, and in the through tube 4 
penetrated in the thickness direction established in coincidence at the ceramic substrate 1, in 
the both ends, the metal column 5 is arranged, where the metallic circuit plate 3 is contacted. 
[0042] The ceramic substrate 1 which has said through tube 4 consists of the same ingredient 
as the above-mentioned example, and is created by the predetermined configuration by the 
same approach. 

[0043] the metallic circuit plate 3 which consists of copper so that said ceramic substrate 1 
may close the through tube 4 prepared in the ceramic substrate 1 by the vertical both sides — 
DBC — it is attached by law, and by giving a well-known metalworking method to a copper 
ingot (lump) conventionally [, such as a strip-processing method and the punching processing 
method, ], the metallic circuit plate 3 which consists of this copper is 500 micrometers in 
thickness, and is formed in a predetermined pattern. 

[0044] The attachment to vertical both sides of the ceramic substrate 1 of said metallic circuit 
plate 3 Installation contact is carried out so that the through tube 4 which formed the metallic 
circuit plate 3 in vertical both sides of a ceramic substrate 1 at the ceramic substrate 1 may be 
closed. Next, this is heat-treated at predetermined temperature (1065-1083 degrees C) among 
a vacuum or neutrality and reducing atmosphere, and it is attached in the front face of a 
ceramic substrate 1 by forming a copper-copper oxide eutectic between the top face of a 
ceramic substrate 1, and the inferior surface of tongue of the metallic circuit plate 3. 
[0045] In addition, if the oxygen content is set to 100-2000 ppm, in case the metallic circuit 
plate 3 which consists of said copper forms the 0.02-0. 5-micrometer oxide film in the front 
face beforehand, or it will join a ceramic substrate 1 and the metallic circuit plate 3, the 
eutectic of copper-copper oxide can become easy and it can make a ceramic substrate 1 carry 
out attachment junction of the metallic circuit plate 3 very firmly. Therefore, the metallic 
circuit plate 3 which consists of said copper forms the 0.02-0. 5-micrometer oxide film in the 
front face beforehand, or what the oxygen content is set to 100-2000 ppm for is desirable. 
[0046] Moreover, if the metallic circuit plate 3 which consists of said copper makes the metal 
with good corrosion resistance and wettability with low material which changes from nickel 
to the front face and which is right conductivity put with plating, it can accomplish electrical 
installation with the metallic circuit plate 3, electronic parts, such as a semiconductor device, 
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CLAIMS 
[Claim(s)] 



Claim 11 The ceramic circuit board characterized by having arranged the metal column with 
which specific resistance consists of the metal material of 4 or less microomegacm, and 
connecting the metallic circuit plate of ceramic substrate both sides with this metal column 
inTa through tube while making the metallic circuit plate attach so that said through tube 
may be closed to both sides of the ceramic substrate which has a through tube. 
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J; 9*fio»A%t-f & -I fc (±*s< . -e-cofe«. ££E 

[0 0 24] Mie^SS5li. Sl#>£>j£l>*i 
m<r>4 yzf v h £E5EiDX&*W*>&#Jnx 

ffi£JR*3 iiT u 6 3 CJgfcfc-f 6 X o CIS 
t k t rtIfc*tSiiT^4> * 
2 fc«n >}t£coo -7tt£tf- Lu i k 

•■/ 9 1 ^±TMai;BX« 3 *rC v *4 3 H 

[ 0 0 2 5 ) tcti. mitE^Stt5(±^ia&*gK*^T'^ 
J*LTtK k. K^BHWHttn^ttft^lRCWORiii^ 

OBfitt** IMff k$:9.-fe7S-y?Slgl <om3I?L 4 rt 
9 J 4 X&W3waVttZft LT<0 

3MH"C#« LT < i k fiW * L 
[00263 itzmi&BUaE 5 l±*0te&2 0 0 u m5fc 
Mk**k£*»5*>*»aiKfii;#*S<$:-3T 1 0 AS: 

3S£LTL^fe&fe!> 5 £>.&. ft-jt. BufE&JSft5(2 
-?-<9g£2 0 0/zmULt. tf3i(C{±3 5 0*xmtLhfc L 
Tfc<^t*Uv^ ^(C^JStt5<7)f2$r3 5 0^mJJUi 
k LXt5< k &JB8i 5 C 2 0 A & **att*8Ux"C 
kttft^£J:4£*<^S:«£-*-&£ktt$r<. iii 

[ 0 0 2 7 3 *K LT. Xi£f)-b7 5 y ^EJK&KCk 
ixtf . t7S v 9W&L 1 0±ffittR«Sftfc£IIIllMPi 

BOMS 3 ^«»Wt=«tS$ ^f¥*f**TF»«>VF- 
gBn n a l±-fc7S-y?Eft£ffiK!?^$*U P3B*fc&«E]» 

«3 t*M»^ia»(=«SR«K:««sj*<ijar*»**^ 
[00283 mz^mtRcDmnmrnrnz m 2 &v 12 3 c 

go'wCtfcBJ-fS. =5r*3. 0<K BlkHHHBrteov* 
li. ■tJ5.-v7&&l<r)±TWmi,zm&*9->cr>-£m 



mmm 3 a*iStt£«Q ^tt e tit txmmz ixx& n . 

EWfc-fe? 5 -y 1 k:l5MtfeJS**Hn(cHil+6K 
5i?L4 rtt:ii« 5 tf*cr>ftigmZ%i>&&W,u*7tt 6 Sr 

i> tSji?L4 rtMKasyirrt ztizx-ox&wztix^ 
h. 

[00293 |51fi-b7 5 v9m& 1 fcWtfcJBWU 1*1 
- izEMZtiX V^^Kft 5 (i-e<y)pJg^«08|« 3 K 

iSfcHSMf* *rc v^^JRQlKfi 3 (i^Uft 5 tit LT« 

mfl^cs^snscikk^s. 

[00303 mie*a7L4 £*-f £-t 5 5 -y 1 »i 
±KE<7)IUfi^J k Pl«c7)«^*^ % 0 , |3)«c7)^S tc J: o 

[003 1 3 * ^BiifE-fe 5 Sv^Stl {i-?-<0±Ti^ffi 
t*7i y 9mm 1 twi5ft^affljFL4 $r^<'«fc o lz-£m 
®3$®. 3 3&»?SttAKn 6 Sr^ LTJR*$ *iT *J 0 . 
B&HlslKtfi 3 (i^T/P 5 ^ *7 A^co^Jl 

blzXnX. mi-if. 5 0 0jumOJI*-C\ mfe<7)Jl9 

[00323 mz&m®&tf.3teztiz*mmm 
LXTR%-tzfe. ffl(?>m:mmwzft&tz&miz£<>) 

k ^ o T^jSHISSS 3 £ -fe 5 5 y 9 mm 1 £}S14£Jgo 
^«6r5>LT«7)IX*^*^lli:^S. «->T» USE 
^ABIKfi 3 «y»SIMBT»jR LTfc < CI k 

[00333 ttimi-ty S y ^36« 1 (iSil?L4 oft 

SBtc&stt 5 a<si«$*vc *5 •? . is^sa 5 u-t v 5 -y 

1 co±TMB5^o^Wt$ixT(,^^JSls]SS«3 

[0034 3 MfE^Sti 5 l±Jt&fii# 4 /ific mKTO 
^ ( 1 . 7/zQcm) . T/US^^A (2. 7wQc 
m),ig(l. 6Mflcm) ^cOft^ttO^JSttlCj: 

k/h$v\ fiP*>, ^JRtt5co3|jiSiJt^$v^k*^ 
^RiaSSfiii 3 SlX^Stt 5 K 1 0 A Sr «3i 4 ^«8I**8S 
ixtzt LX t^JSIl]K«3atf^JRft5 J: OJ&SBBXitc 

«fc9*£<9»#?6&-t&wk{iM<* *ots*. ^mm 

Kffi3±tc*BB^O«3t«^ffloT^i]^$^S^I 

TIES?. *»-3353et:fWftS*4ifc*«rttk«r«. 
[003 53 MIE^:JSft5{±. flitf, ag*>A,fi£4^ 

ffi. ?l^ft#JOX^, «*^fflO^HjDXj£Sfi£T^ 

fcfut JGi?L4 rtfc. M^^-b 5 5 y 1 <7)±Tm 
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$ h 1 1 fc fcJtSKL 4 rt &(c*£tt£A n 6 5r L 
[0036)irfc, t»K4*a5lii<x«:tlHB8R«T» 

*«lll*C«=flr*- 5 MSC J: 0 BMfctf *L* i J: * < JSttA 

[0037] ifcWKAKa 5 2 0 0^ m* 

jfi fc & 5 fc £J£ft 5 OSIiBSfil* 1 * * < * i X 1 0 A £ 

a^fCLidftlKtea***. ISoT, ffie^JBtt5t± 
•£<7)g£ 2 0 0 At mj^±. *?iSK«i 3 5 0// mJilb t L 
T*K.Ifc#J:^. 1ttC^Stt5(7)f5Sr3 50um&± 

ttTfc<t^iaa5tc20ASrSi.4 *«aw«aofc 

[00383 JSC B?ia&J£0SfrlK 3 5 ii&JH 
*£tt a ft $ <£ffl-fi> £ fc lz X ~> X * 9 v 1 X±W,m £ 
T^klT*7S7 7S«l OiTMBfc J: tfJGKU 

ii^«ni»« 3 5 *wc»*«f <xt v m& 

ys7-^A 

^<7)^mt L< {i*o*3IMfctt£ 2-5fi»%-S?J!)u£-£ 
< {±* <o**fcft £2-5 S4%^jd $ tf* t, 

[0039] WIEABiSttn^tf fcttffl LTO&JREffi 
1K 3 5 09fi»?U Sr^Tf & -t: 5 £ v 9mm. 1 

£2-5 MXfcfllS t *>fc*MS*«. 8*X* »•& 
*K 1 OJtTHIi&lf«3RL4 rtSKifflf a-} 

£ t t j: -7 x m& *?-y(,z mmmifi l . mz fne-t 5 

0»ii?U flK&JSft 5 AffiSS-t*--?. 
J: fc'b 5 •/ 1 «5iTHIC EPlif^nt 

jftjgiSJg (ffl^(»')9 0 0'C. T;U5-^A<7) 



mm 1 t^JS0S§«3a.i/^sa 5 1 imzz-tz z t 

(Ci:-?T*T;bft4>. 

[0040] *7i7 ^ 0KS«l±JbaicO|ltfefiRl 
fc[s)«, &gft5^it«tt* < 4MacmWTi/h$VK 

3 &tf 5^10AS:SiS - WKtt^aDhJt i: LT 
t, tg0BlS 3 5 i 0 JKffiftKC J: 0 

m^^-rhztum^. -to^*. ^ni8s«[3±ic 

«^SI5 n a ati«tC5S?ai: & 0 . «WHU=;bfcoTjE?lt.. 

^&%.izfr®z-ez>ztt>' r *imt%z>. . 

[004 1] a^03(7)-b7 5-y^lE]S&S«a. -t^S 

7%m.\ <7)±Tmmzmfri>Zi:&pJi&*?-y<7)-&m 

ESS^S^DBC <D i r e c t Bond Copp 

e r ) mzx^xmiztixto*) . m#fitz-ty-z -?7m 

« l iriS(t^Jl^[6]lc«a-rs«il7L4 (*K;#«ft5 
#**)P»H $r^)HIIIJS^ 3 tcjiftt IstzW&X'WMZtiX 

[0042] HtrieSii?L4Sr^4-fe75 y ?£*Kl(i 
[0043] Mie-b 7S7?S«1 (±-eo±TMffiT-fe 

5$7 9mm. i icts(t^Ra?L4 ^scj: a izmfrty* 

*^IllKSi3*<DBC*lcJ:-jTIX^$<xTfcO, 1^ 

-t^tCfc-^T. «Rli(i\ 5 0 0^mO^T\ 
[0044] mU£f%®$$fo3<r)*7 S 1 <0± 

0SS« 3 Sr * ? 5 -y 9 mWL 1 (c»*tfc JG1?L 4 SrS <' J: 

7c#h»,+> nmsjg. (io65~i 08 3*c) xism 

MUL. -b5S-y?am<0±ffifc&«E&&«i3OTa 
•j9W&\ cr>i&WlzJR% Ztlh, 

[oo45]^rfc. mtmfrh%h&m®8&&3i±zn 

SSffi^T^O. 0 2-0. 5umcr)MttJ&£mi8.lXi6 
<, 2b-l.v^iK3I^W45rl 0 0-200 Oppmt L 

x a < t -t 5 s ^ 1 1 3 1 * m s 

IS. . W-KftlBOftft**®* t ^ oTt 7 S -y 1 
C^KBIKfii 3 SrffiftT5«lK:W«»^S * S £ k A^T' 

(C^tf3 0. 0 2-0. 5umnmkM$:&f&.lX&<. 
*>SVMiBSS-ir*S5r 1 00-2 OOOppmt LTfc 

[004 6] t^mrieil*^ : i:l>#«[l]S§«3(i'f-tf0a 

x&< t . ^«hi8s«r 3 k^ttsimswjfc-yauiiXtf 
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<;kiWlliU». 

[0047] JECKfE* iilGKU WW 

steams 5 *qra s tut *s o . s t±-t 5 s * 

? 1 £0±TWffiClX* § ftf V 6 3 [S3 £ 

[0048] wsajkse. 5 «udsfit**4 ^ n c miarw 

J8 ( 1 . 7/ificm). T/l'S-^A (2. 
m) t »(l. 6/iQcm) ^cO^^tt^^HWt' <t 
9$j£5fl-r*50. 4Slft5*5Jtfitii**4/x£lcmUlT 

t/h$v^ bp*>s amas^asetaM^v^ka^ 

3 5fclOA«r«*.4 *«S5#SI 

tttc k LX t^JSHlSSK 3 5 «fc 9 SfitWM&tc 

SSCt 3 _t £¥ffl»tf>*»« £ ffl^T S»II £ S *i 6 W 

TIES. 3&>o35^CfMllS**ii:*^rSBi:**. 

[oo 4 9] B?ia&Stt5(i, «itf. 
IBIS. gi#ft*Jni£*. fl»fflj9^£*iiuii£fci*; 

1 o±TPiBBt=K-fe ?S7?i«l CRitfc JBI?L4 £ 
«CiatilH*»^ i Sr4A*0»«3S:DBCafc:i , 3W 
* 2> i k IZ X t X W*£ * 5 5 -y 9 WSL 1 ?>±Tffi 

[0050] *fe«EAItft 5Ji*Offi* t 2 OO^ra* 

m%z>t-&&&5<omM&m i ±f* <%->x 1 oa* 



2 0 0// mULt. JffjSteli 350« mULhk t 
X ti < Z k W£ V\ 5 «atr 3 5 0 At mJUJb 

t l t a < t **& 5 ic 2 o a * «*. **ttsw*aaiT 

(C «t -o T£ KlilNMK 3 JiK^ffl^cOif «ff £ J8 V vc 

ttfx-t. n^m&z&m^zbtz^xjEi?;. 

[00 5 1 3 3Sfc:*IBW4±a<»5|tBtti«WSJtS*i* *> 
[0052] 

5 v7^oamrtfcKS$ftT^I>StfL**{5^k* 
fc«aUfc i k *»fe*«BiMQW^*Kttfc 1 0 A $r 8 
0. ^M<75?*£:I£±T 6 .1 k l±£S < , -t^OtS*. 

[01 ] *f6BB(0-fe5 5 v?®&&R<0—9mmt:n<T 
Biffi0T"£>&. 

[02] *» B -BOttO|IJtWi**-fKBH"C* * . 
[03 ] 2|s^BOfa<5>llli!5(5y?:*-rBr®0T'*&. 

[^#OSiBJ] 



1 • • 




2 • • 




3 • • 


■ • <&m®i%u 


4 • • 




5 • ■ 




6 • ■ 
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